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REMARKS/ARGUMENTS 

The Pending Claims 

m «h dTT 86, 88, 8 * 92 " 94, 91 • m - ios - » d ' 07 - p-*» - - *«* „ 

lot J° ~° "* ° f ° f eDtt "* ■ <• - or 

another taxonomic unit 

77ze Amendments to the Claims 

The data, have b« amended to point out more ^ ^ ^ 

dtshnctiy ,he present inveation . „ ^ ^ ^ 

*~ of another Gnomic unit This am^dmem U supportcd „ Ihe 

Z£ r 7; t 231 Bnes 30 - 34 - *- 21 ' *™ ,5 - 22 - » d * »- 

Stop (a) of each of Catms ,6, 92, ,00, and ,05 has heeded .0 recite to* the „ ucl eto 
«»d molecoles — -» o/at has. one or a combination of SEQ ID NO: 2 and SEQ ID NO- 
78 E«h of claims 86, 92. 100. and .05 also has been amended ^ nucfejc kM 
mo,ec»le s which exhibi, at .ens, 90% identity * SEQ ID NO: 2 and/or SEQ ID NO- 78 
Th,s amendment is supported by ft. specification a,, e.g., page 5. lines 20-21. and page 29 
hnes 22-28. Claims 8 6, 92. 1 00. and ,05 have farther been amende, to de,e,e refelce to 
nuc.etc actd mo,eco,es whrch hybridize specific.,* wim SEQ ID NO: 2 tntd/or SEQ ID NO- 
* Cta. 86 and ,00 have been amended to recite, as a method step, that any species of toe 

taxonomy unit of Enterobacteriaceae, and no soecies of annt^ t* 

no species ot another taxonomic unit, is detected 

by the formation of the hybrid „uc Ie ic acids. This amendment is supported by the 
specification at, e.g., pag e ,0, lines 19-23, page 25, lines 30-34, page 27, lines 15-22, and 
page 35, hnes 9-24. Claims 92 and 105 have been amended to delete the term "genera » 
Certain claims a,so have been amended to correct grammar or matters of form. Claims 96 
and 102 have been cancelled. Accordingly, no new matter has been added by way of these 
amendments. 

The Office Action 

The Office Action rejects claims 86, 88, 89, 92, 93, 94, 96, 97, 100, 102, ,05, and ,07 
under U.S.C. § 1 12, first paragraph, as allegedly lacking written description. The Office 
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Action rejects claims 86, 88. 89, 92-94, 96-98, 102, 105, and 1 07 under 35 U.S.C. § 103 (a) 
as allegedly unpatentable over U.S. Patent 5,654,141 (Mariani et al.) ("the Mariani patent") in 
vtew of Yamamoto et al. (GenBank Accession Number ABOOl 341 . submitted January 25, 
1 997). Reconsideration of these rejections is hereby requested. 

Discussion of Rejection Under 35 U.S. C. § 112. First Paragraph 

The Office Action rejects claims 86, 88, 89, 92, 93, 94, 96, 97, 100, 102, 105, and 1 07 
under Section 1 12, first paragraph, as allegedly lacking bitten description. In essence the 
Office Action argues that the present application does not adequately describe the genus of 
nucleic acid sequences that exhibit 70% identity or 90% identity to SEQ ID NO: 2 and SEQ 
U> NO: 78. This rejection is traversed for the reasons set forth below. 

Applicants note that claims 86, 92, 100, and 105 have been amended to recite nucleic 
acid molecules which exhibit at least 90% identity with SEQ ID NO: 2 and/or SEQ ID NO- 
78. According to the Office Action, the present application expressly describes only SEQ ID 
NO: 2 and SEQ ID NO: 78, and not the "hundreds" of nucleic acid sequences that are 
complements of or have 70% or 90% identity to SEQ ID NO: 2 and/or SEQ ID NO- 78 
Thus, the Office Action concludes that the specification does not disclose a representative 
number of species of the claimed genus. 

Contrary to the assertion of the Office Action, the genus of nucleic acid sequences 
that are 90% identical to SEQ ID NO: 2 does not contain "hundreds" of species In this 
respect, SEQ ID NO: 2 is 20 nucleotides in length. A sequence that is 90% identical to a 20 
nucleotide sequence can contain, at most, 2 mismatched nucleotides. Using a stochastic 
calculation for determining combinations, Applicants determined that the number of nucleic 
acd molecules sharing 90% identity with a 20 nucleotide target sequence such as SEQ ID 
NO: 2 1S only 190. Accordingly, the genus of nucleic acid molecules encompassed by SEQ 
ID NO: 2 is not as large as alleged by the Office Action. 

The written description requirement is satisfied by the disclosure of sufficiently 
detailed, relevant identifying characteristics of a chemical or biological material i e 
complete or partial structure, other physical and/or chemical properties, functional 
characteristics when coupled with a known or disclosed correlation between function and 
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structure, or some combination of such characteristics. See Enzo Biochem, Inc v Gen 
Probe, Inc., 323 F.3d 956, 969-70, 63 U.S.P.Q. 2d 1609, 1617 (Fed. Cir. 2002). At the time 
the subject application was filed, it was well known that primer sequences of 20 nucleotides 
(e.g., SEQ ID NO: 2) to 30 nucleotides (e.g., SEQ ID NO: 78) could be modified so as to 
generate variant sequences of similar efficiency. For example, Christopherson et al., Nucleic 
Acid Research, 25: 654-658 (1997) (enclosed herewith), discloses the effects of internal 
Primer template mismatches on the efficiency of reverse transcription and PGR amplification. 
As outlined in the abstract, the presence of two to four mismatches in a sequence of 30 
nucleotides (i.e., sequences that share 93% and 86% identity, respectively, with the normal 
primer) in primer template duplexes does not have a significant effect on RT-PCR. However, 
the presence of five or six mismatches (i.e., sequences that share less than 85% identity with ' 
the normal primer) reduces the PCR product yield by 22 to 1 00-fold, respectively, relative to 
the homogenous template. 

Accordingly, as evidenced by the Christopherson reference, nucleic acid sequences 
that share at least 90% identity with SEQ ID NO: 2 and/or SEQ ID NO: 78 are capable of 
amplifying DNA targets with the same efficiency as SEQ ID NO: 2 and/or SEQ ID NO: 78 
Given the disclosed structure of SEQ ID NOs: 2 and 78 coupled with the disclosed function, 
one of ordinary skill in the art reading the present application would have been readily 
apprised of the possible variations in the sequence of SEQ ID NOs: 2 and 78 that would yield 
a nucleic acid molecule with at least 90% sequence identity to SEQ ID NOs: 2 and 78 and 
retain the functional characteristics SEQ ID NOs: 2 and 78. In other words, one of ordinary 
skill in the art would have understood that Applicants had possession of nucleic acid 
sequences that have at least 90% identity to a nucleic acid molecule consisting of SEQ ID 
NO: 2 and/or SEQ ID NO: 78. Thus, the written description requirement is satisfied with 
respect to claims 86, 92, 100, and 105. 

This situation is in distinct contrast with The Regents of the University of California 
vs. Eli Lilly & Co 43 U. S .P.Q. 2d 1398 (Fed. Cir. 1997) (see Office Action at page 3). Based 
on the disclosure of the subject application and the knowledge in the art, one of ordinary skill 
in the art would appreciate not only the function of sequences at least 90% identical to SEQ 
ID NO: 2 and/or SEQ ID NO: 78, but also the structure necessary to obtain the desired 
amplification efficiency. That is, one of ordinary skill in the art would know that modifying 
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only two of the 20 nucleotides of SEQ ID NO: 2 and/or 3 of the nucleotides of SEQ ID NO: 
78 would result in nucleic acid sequences that are at least 90% identical to SEQ ID NO: 2 
and/or SEQ ID NO: 78. 

In view of the foregoing, the Section 1 12, first paragraph, rejection of the claims as 
lacking adequate written description should be withdrawn. 

Discussion of Rejection Under 35 U.S.C. § 103(a) 

The Office Action rejects claims 86, 88, 89, 92-94, 96-98, 102, 105, and 107 under 
Section 103(a) as allegedly unpatentable over the Mariani patent in view of Yamamoto et al. 
The Office Action also relies upon Buck et al., BioTechniques, 27: 528-536 (1999), in 
support of the obviousness rejection. This rejection is traversed for the reasons set forth 
below. 

Specifically, the Office Action alleges that the Mariani patent discloses certain 
features of a method for detecting bacteria in an analyzed sample as claimed in claims 86 88 
89,92-94,97, 105, and 107. The Office Action concedes that the Mariani patent does not 
disclose SEQ ID NO: 2. The Office Action further alleges that Yamamoto et al. discloses 
SEQ ID NO: 2. The Office Action moreover relies on the teachings of Buck et al. to 
demonstrate that one of ordinary skill in the art would have a reasonable expectation of 
success with the primers allegedly disclosed by Yamamoto et al. for use in the method of 
detecting bacteria in an analytical sample, which method is purportedly disclosed by the 
Mariani patent. 

Step (a) of each of claims 86, 92, 100, and 105 has been amended to recite that the 
nucleic acid molecules consist of* least one or a combination of SEQ ID NO: 2 and SEQ ID 
NO: 78. Claims 96 and 102 have been cancelled. Thus, the rejection as it pertains to Cairns 
96 and 102 is moot. 

The Office Action on page 5 states that the Mariani patent allegedly teaches a method 
of detectmg enterobacteria m an analytical sample, since the Mariani patent allegedly teaches 
a species of enterobacteria, namely, E. coli (column 2, lines 52-54, and example 1). 
However, the Mariani patent does not teach a method of detecting any species of the 
taxonomic unit of enterobacteria and no other taxonomic unit. On the contrary, the Mariani 
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patent discloses a method of detecting & coti, Streptococci, Staphylococci, and/or 
Bacteroides by using sequences which target the 16S rRNA gene, which gene is conserved 
among these bacteria, or sequences which target the iaJ gene of R coll, the enterotoxin A 
gene of Staphylococcus, or the non-conserved region of the 16S gene of Bacteroide fragilis 
Streptococci, Staphylococci, and 5ac^/^ however, are not enterobacteria. Thus the 
method of the Mariani patent, in which sequences which target the 16S rRNA gene are used 
would detect bacteria other than enterobacteria, and the method of the Mariani patent, in 
which sequences which target the iaJ gene of E. coli are used, would not necessarily detect 
other enterobacterial species, such as Yersinia aldovae. Therefore, the Mariani patent does 
not teach the presently claimed methods. 

None of the cited references, including Yamamoto et al., teaches or suggests the use 
of a nuclei acid molecule consisting of SEQ ID NO: 2 or SEQ ID NO: 78, let alone a 
combination of nucleic acid molecules consisting of SEQ ID NOs: 2 and 78, or a combination 
of nucleic acid molecules as otherwise recited in the pending claims. Indeed, as stated in the 
"Reply to Office Action" dated September 16, 2005, the sequence of Yamamoto et al. is 
16,446 base pairs in length, whereas SEQ ID NOs: 2 and 78 are 20 and 30 basepairs 
respectively. Neither Yamamoto et al. nor the Mariani patent, cither alone or in combination 
^closes or suggests a particular region of the sequence of Yamamoto et al. which could be ' 
used in a method of detecting a bacteria, e.g., an entire taxonomic unit of enterobacteria, in an 
analytical sample, let alone teach that SEQ ID NO: 2 or SEQ ID NO: 78, or other nucleic acid 
molecules recited in the pending claims can be used in such a method. 

In view of the foregoing, the combined disclosures of the Mariani patent and 
Yamamoto et al. do not disclose or suggest the subject matter of the pending claims. As 
such, the obviousness rejection cannot stand and should be withdrawn. 

Conclusion 

Applicants respectfully submit that the patent application is in condition for 
allowance. If, in the opinion of the Examiner, a telephone conference would expedite the 
prosecution of the subject application, the Examiner is invited to call the undersigned agent. 



Pace 10 of 1 1 

PAGE 13/19 * RCVD AT 10/26/2006 1 1:42:35 AM (Eastern Daylight Time] * SVR:USPTO-EFXRF-5/8 * DNJS:2738300 * CSID:312 616 5700 * DURATION (mm-ss):04-20 



OCT. 26.' 2006 10:44AM LVM 312 616 5700 



"NO. 4166 — P. 14- 



AppHcation No. 10/088,966 



Reply to Office Action 



Respectfully submitted, 



Date: August 14, 2006 



Melissa E. Kolom, Reg. No. 51,860 
LEYDIG, VOIT & MAYER, LTD. 
Two Prudential Plaza, Suite 4900 
1 80 North Stetson Avenue 
Chicago, Illinois 60601-6780 
(312)616-5600 (telephone) 
(312) 616-5700 (facsimile) 



Pap* 11 of 1 J 

PAGE 14/19 4 RCVD AT 10/26/2006 1 1:42:35 AM [Eastern Daylight Time] * SVR:USPTO-EFXRF-5/8 * DWS:2738300 * CSID:312 616 5700 * DURATION (mm-ss):04-20 



sOGT. 26/2006 10:44AM LVM 312 616 5700 



"NO. 4166 — P. 15- 



6S4-6S8 Nucleic Acid, Research. 1997, Vol. 25. No. 3 



f o 



J* 



8 
V. 

it: 



<& Or>b*/ Univcryity Press 



Cindy Christopherson*. John Sninsky and Shlriey Kwok 

Roche Molecular Systems ,„c. 1,45 AOanUc Avenue. Atom*.. CA 94501. USA 
Received August Z. 1996: Revises and Accepted November 22. 1996 



ABSTRACT 

™£!I! V ? 5 5 9ated tt " eff8cte "'internal primeMemolate 

PC R awpJrflcation. As models, RNA iranscrfDls 
representative of different HlV-1 group HsS 

Sh™^f« nl ^ theprimer-templale duplexes d d 
not have a significant effect on RT-PCR. However Wu» 
presence of five and six mismatches ^ ^^nd 30 
te™" 5 PCR Product yield by -22- and 

tem^l ^f ec,,ve, y. relative to the homologous 
I a ?' oun, «* reduction was reproducible 
fef" 1 to ~P«riment and was Independent 
^1!^ number '"P" 1 - Ur "te' «™ conditions 
Ev* ^^1 KNA measurements of the more divergent 

while isolates of subtypes B. C D and IF H 

improved 4- to 10-fold by luring * B «S£ 

A- . aradua "y '"creases in temperature The 
additional substitution of either SwnelhtfcWosTne for 
ctf osme throughout or the sutetitutfon tfK ne It 



™ ™ I <^.«!Se effictenrdefcetioa with ruxlcic acidWd 
assays HIV-l « divided into groups M and 0 (2-5) TW^m 

A-H Subtype A is predominant in Central A T ri cC B in North 

? CeotraI A&ica - E « TT^and/lndia aTccn?ral 
Afhca and subtype, F-H have teen reported in CcnoS >S 

divergent man Croup M and to date bas been found in a feJ 

l^'^i^mCametoon.C.boaSF^S)^ 
Ac US. oidy *„ non-B subtype, have been reported w rV one 
wbtype D isolate from a Zairian student (6) andthree sub^cT 

UsingfiTV-J as a model system, we previously reported on Vht 
^Int^^T^^ tmilaaa ^Tallowed sigmffcant 
pnmer-ftmplaie mismatches 0 n RT-PCR usine temolated^ 
RT^as'y^^'^^^^^^^ 
MATERIALS AND METHODS 



INTRODUCTION 

rS/T^tr 1 ^ ,he F*—** reaction 
(TLK), Uic Ugasc chain reaction (LCR), nucleic acid seouence 

«Jy on ft* efRcienr hybridation of oligonucleotide^ to 
mrg^d sequence. Mismatches betwem tteoligonucle^des and 
the targeted raiclerc acd can affect duplex sUiKty and rnsy 

argeted sequwee. The effects of mismatches depend 0n numrous 

SS? r the '^ Elh ^^"''gonucleo^Tfte nZT^ 
PCsmon of the mismarches, the tempetaiure of hybridization. Te 
of ^ *e concentrations of oligonuclStid^ 

a» well as monovalent and divalent cations (1) 



Model system 

fllV-l primers SK462, d(AGTTGC AC CACATCAACCAOfr 
A ^CAAAT). andSK^I, dfTCCTATCTCAG^nTCC^TTC- 

QAAGCTGCAGAATGGCAT). were used in this study The 
pnmecs were specifically designed » be longer tbaTuL I 

I bp J 1 ? V : 1 ^ re « lon is highly conserved amone rte 

as sue mutations have been observed in the upstream primer 
hodnq [region of subtype A Elates and five in U^^riK 

e^„ b r n ^^° f ^ RT0 ^^^ly«^^ 
con^i ?f*f !L° n , RT - PCR ' a of Jemplatc were 
constructed that harbored mutations representative Tof different 
subtypesj Ftg. 1). The templares (designated Ml-AM) ^ 
P^djM to either the SK462 (M1^M4) 
^^! >Pn ^ b,ndine rc ^ ns - *= sequences, 
A template that >$ completely homologous to both SK462^d 



"To whomcorrHp^nce should be ^Atesad. Tel: ^ | 510 »14 2891 ; F3 x. *1 5 10 



522 I2S5; E.r*l: cnt^.ciirisltphcrron^e.,^ 
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** c j * 

Fipnts 2. Relative position tad scovcaccs of foe winwn ^ _ 

These derivatives included daffe^ teSiS ^npuon ■* (An^oaLsoT 

reduced the numb* of mismatches fas Su5?S liJ^ u^titlttlZ ^ fro^l the RNA lanscript, by 

te*-dT™ column (Qiagen) aa recommended by the manufactu^ 

Const ruction of mutant and control templates Normalization of templates 

•Ite wo and control templates were generated by amplification Th * RNA , uanscn P G w «* normalized to ensure that the samc 

of an HlV-I^ontainiinjiwmbinantpIasmid, P SVC18570oT ^ nUn,ber ° rca * «** "nphto was usod indmrSlS.W 

Tot mU rT ?1 C P , nme ?- Tw » SMS ° f were used to P^"^We mismatches. To normalise KHSK£ 

conduct the temp ato (sec Kg. 2). To generate tco^atca IX ^""PBfod with primers that werecompla^moS^K 

^ 0nS lhS SK ^ 2 ^ c °™ primer D was >" "ShMcrnpla tcs. following ampuficaTn, Z mSBTCS 

ISSmL C Pri" 1 ^ for the (£, round 0 f ^ficd on microwell plates coated wkh SK^2 probT^ 

amplificauoa The second round of amplification was performed «*«Cribed (9). Ether 10* or 10* cop* ; of Kml£ 

iTT^f ^ B - To 8*«* templet™ ^^Wly^inmenustnatchsat^ ^ htan,plflto 
mucatons .n the SK43I region, mutagenic D primers were 

^ «n^n 0rT S"A e w for "* filstround ofamplifi ca ticn Q™«Bm«<m of the effects of mismatches 

amplification. iCTa overlaps^ pSmef C S £3? of mismatches on RT-PCR, the standard cycling 

pru.erBo^apsprimerDbyTTbase, Cna^sSi ^c'/^S^ ^^{^ ( ^wereCmused:2& 

S A Ki lL nSi ™ ^ based on known mutations carrlwr nT S N ' gl>t0Sy,as0 clwva e* of «V potential 

found ,n different HIV-I subtypes C4). A control templaTeS 27 / , ^?°^ PCR P»dua &om previous 

coojtetely homologous to both prints was rinuhjSSSd S^ifflL"^ 3 ° ^ (fbrnive,Sc four 

To construct ,he tempUtes, \0> eopiej of plasnud P SYC1857 ^"^° fade ~««''o nS tep(95'C)for 10 baling 

were amplified widl 50 pmol of the first sk of winters under i 7 n « r i? 3 ^^O" (72° C) for 10 s; followed by 

condtoons thai minimize nucleotide mamaS^^^ ^ ydeS ? ^ 60 ^ 72 ° C fo r '0 « each. Amplified products 

swngent cycling conditions were also used: 95° C for 10 s 50 or W " ^ odlfi ^' ons w ^ standard cycling conditioni 

60 C for IO S and72"Cror 10 s for 30 cycles TWo<n*'t ftZ T subsequently t«ted These included lowcrinc the annealm^ 

10 d,,u " on of the P^"« from the first round of arrjfieauon 10nS) 5SHS ° C for 15 rain - ^'owed b'oO'C for 
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Confirmation of tempUte sequence a|M „ ^^tcb^^x^ 

To ensure that the synthetic templates harbored the expected - . . 

rnutanons, each template was purified by gd dectrophoresis, i w 2 III i'^r I I" 

cloned into a plasimd vector and the sequence was verified usinz pc —I "Jlllx*£l*~£ " V 

^ aTaq DyeDcoxy™ Tcxminator Cycle Scqneaciog Kit (Applied ™ -zi— -z--~-^ 

Biosystems). 5x145 ..-o~ G ! 



I 

RESULTS l^XAg« j p^Swi-Hi**-^,, ta^x 

^ 5K462-43 1 under standard RT-PCR conditions 

,g Under the standard RT-PCR conditions, the presence of up to four naiiauons was substantially reduced in all oflhc temnlates tTabk J > 

•4 SffiS nSf ^^^^^^onPCRpmduct The largest difference was a Infold rcducdonin PGR product 

$ pni n^vii } " f JT!^ ? T?* 005 * SK462 WI * ^P 1 ^ rained six mutations in the S 

* PCR produce yield by 22-fold relative to the tomologous "W>** *hile a 4-fold reduction was seen with the ternoLuT 2 1 

, d^erence (1 3- fold reduction) was observed with the template 

U ™ ^5' VC rauJaii0D 1 s - ^ smacch was not affected by Alternate primers 

r. the initial copy number input; the differences observed were 

ft identical regardless of whether If^orlO* copies of the template ? iven * c 9dveKt cffecls of muhiptc mismatches, we further 

? were amplified (data not shown). Furthermore, the differences were Inv c»isatod whether modified bases would allow greater mismatch 

consistent from run to run, tolerance. Base analogs such as 5-methylcytosioc (5-MeC) have 

been she wn to influence not only me binding cquil ibrium but also 
increase the dissociation ccmperaairc (7^ of oligonucleotides by 

r -: r — — — - - . changing me base stacking partem that permits intimate contact 

j;y icmpjate Nc of mutauonj DMttcrux relative » homoiosou* tonphir between the halogen atom and the adjacent base (1213) 

$ SK431 Suodard cottons Mo*Gcd Versions of SK462 and SK431 were synthesized 

~SJo"~ 0 0 ~ — remaining 5-MeC in place of cytosine (Fig. 3). By using a 50°C 

annealing tempcraiure, mismatch tolerance was significantly 
improved. Less man a 5-fold reduction in PCR product yield was 
observed in templates with the most mismatches (data not 
5 0 22 n shown). With the exceptico of one position m SK4$2, the 5-McC 

h M . SiibsntuQons were not a: positions of mismatches. 

*f M4 4 0 2 1.4 Derivatives ofSK462 and SK43] were synthesized in which 

K M5 0 3 u 17 the vanablc bases were replaced with deoxyinosinc, Deoxyino&Inc 

►<? M6 0 5 13 n F efe «wtiaILy pairs with dC and to a lesser extent dA (1 4) Two 

inosine^tammg&rivativesofSK4€2 were tested In SK462 
Ino 1, six of the variable positions were replaced with inosinc, 
four of which resulted in a dI:dC pairing (Fig. 3). SK462 Ino 2 is 
similar to SK46" 2 fno J bur has two fewer inosinc substicutions at 



Tabk 1. The «Aect of diffc/em 


nwiaiioo* cd PCR product yield 




No. of muiiiinrij 


DiQcttncc relative id homologou* icmpjjur 






SK431 


Suodard conditions 


ModiDcd condiiions 
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0 
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109 
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M2 
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0 


70 
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M3 
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22 


41 
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1.4 


MS 
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1.5 


1.7 


M6 


0 


5 


13 . 


4.3 


M7 


0 


2 


0.9 


0.6 


MS 


0 


t 


1.9 


1.6 



^ ^ ^^ ) ! fi l tmdcr s,andafd ^ *wMW « ^bed *c 5 -terminus. Derivatives of SK462 that contained proynyl dC 

™ ^to l ^l^u^ca^tt^Mm li,t5 m CK ** rc * scd as ^^-ncc^ivc and dU anotogs were ajso evaluated (Fig. 3). ^1^5 

\J6 tCTplalt (M0X ^ vc ^ to enhance binding of oligonucleotides to an 

RNA sequence (15). * 

, * Effect of reducing the reverse transcription and annealing Since the inosine substitutions were made only to the 5K462 

temperatures on mismatch tolerance pnmex, only templates M0-M4 were evaluated Reverse txanscrip- 

cydes albwed for io«uo- to^m«nf Z ^ ^ ^ accounB for * e ""-W^ mismatch tolerance by 

v v t Whf»n Knrh a ' rt m~t.>.' ^ ^xv^ z ^uauj not snow n ;. fewer mtsmarches at roe y^errrunus w th the ma oritvof knlar^ 

- wnen 0001 a ^P^up reverse tratiscnption and a $Vaa'> ^ e A*-i^~i t ''^"wjunirotisoi&es. 
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!?^****?* P"* 1 ** 5 « *" ^sequent cycles. The more 
stable RNA-DNA hcteroduplcxes formed by hybridization ofthe 
reverse transcribing primer to RNA templates is expected to 
allow even greater mismatch tolerance. In the HIV- 1 primer pair 
system studied, as many as four mismatches were readily 
acoarninodaisd and W no effect on RT-PCR under the arnpufica- 
ton conditions employed With five and six mismatcheTp^ 
product yidd was reduced \(y to 20-fold and 100-fold rcspec'tively 



m?£5? ^wif* accommod ^ African isolates such as 
raVMAL (16). IMotunatdy, siitecquent sequence data indicated 
thai the majority of African isolates have a sequence that is 
homologous jo SK145 at the S^twminus. Consequently, the two 

most HIV- \ isolates. The maximum number of mismatches 
between SKI 45 and the known group M subtypes is four A 
template that was completely homologous to SK145 was 
constructed as a control for ibis study. An alignment of SKI 45 
with ihe templates is shown in figured. Replacing SK462 with 
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SKI45 sigmficandy improved ampUTicationemcieiicy Using the 
55 C annealing step, a <3-fold reduction in product yield was 
observed with all the templates (Table 3). These data are 
eonsistem with the observation d*t four mismatches in the 
SK462 region did not signiGcantly affect product yield. Tho 
extent of the differences was similar when the 55'C anneal sten 
was reduced to 50°Q indicating thai rhc lower temperature was 
not necessary. ^ 



The tempbics ^ amplify gnder the remchrt conff lions used for the May . 
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T^pjafcs wc« >mpuf,ed under Ihe rtWird condom a* described b Materials 
too Methods. 



DISCUSSION 

^ ° f 3 '" terTninal mismatches has been extensively 

reported (17-20). In this study we systematically evaluated the 
effects of varymg numbers of internal mismatches on RT-PCR. 
The extent of mismatch tolerance is dependent on numerous 
factors, including the number and position of mismatches the 
nature of the mismatches the length (which influences me Tm 
value) of the oligonucleotides and the stringency of the amplification 
conditems used Mismatches between the template and the 
reverse transcribing (downstream) primer should afTecr only the 
reverse transenpuon step; mismatches with the upstream primer 
art expected to affect only the first cycle of afiroUficadonT Once 
a mismatched templare is copied, the primers are fully complc- 



To improve amplification of mismatched templates, numerous 
changes can be implemented. In this study we examined the erTect 
or dirTerentanncaling tereperaiures and various modiHed bases in 
Uie pnmers on mismatch tolerance. A comparison of ihe results 
from 50 and 55°C annealing indicates that mismatches can be 
better accomrriodated when a lower annealing temperature is 
used Modifications in the reverse inscription step also irnnroved 
rmsmaich tolerance in the RT primer. The gradual temperature 
mcrease presumably facilitates the priming and extension of 
mismached templates. The substitution of modified bases such 
as 5-mcC f^erstabiliiedbmding of the primer to the template. 
We have also examined the effect of mismatches on probe 
hybndizaijoD and found that five mismatches (presently found 
only in some group O isolates) had no erTect on detection under 
the hybridation conditions used for the microwcU plate System 
(data not shown). ^ * 

Quantitative assays have been extensively used in monitorim; 
the effect of anti-retroviral drugs and for use as a prognostic 

established based upon the ability of the drugs to simificanily 
reduce iviral load as determined by quantitative RNA assays 
Oiven the heterogeneity of the HIV genome, we embarked on mis 
study to octrarnine the extent to which r^mer-template mismatches 
can t alTcct amplification effici^cy. The templates used in this 
study were intentionally constructed to represent worst case 
scenarios- For example, mutant templates of SK4«2 represent the 
most divergent of HIV isolates, the A subtypes. The downstream 
reverse &anscribing primer binding region, SK431, is more 
conserved, wjch a rriaximum of five mismatches to a subtvoe f 
isolate, ,F 

We infer from the results of this srudy mat isolates of subtype 
B which are predominant in the US and Europe, will be 
efficiently amplified and detected given that ihey harbor at most 
^ mismatches with SK462 and two mismatches with SK431 
Similarly, isolates of subtypes C and D are expected to be 
efficiently amplified. On the other hand, the viral RNA titers of 
some subtype A isolates will be underestimated due to the 
presence of as many as six mismatches to ihe SK462 region 
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Subtype E isolates, although distinct from subtype A over uWv 
regjon. are itriisuoguishabte &om subtype A in thec^gene (3) 
Conse quently amplification of some subtype E isolate will alii 
be undet^matcd The number of available sequences for 
subtype* F-H are limited, bur based on the sequel av^ibk 
to date, are expected to be amplified efficiently with SK462-43 1 
ltjs important to note that although the absolute copy number 
determjnaoons for subtypes A and E may be cornpromised, the 
reduduon in amplincation efficiency was consistent from cxperi- 
^ Wpc "^ suggesting that ihc assay can still be used to 
monitor viral load in an individual over time. These studies 
nd^ate that facing with SK145 would ' £££ 

qua^Ccauon of tfic more divergent isolates, T&bmai 

This study awris cartkr work on the efitets of primer-template 
mismatches on PCR amplification. We have *S^ihar 

S^S^ 00 ? t° im fi° W * **»*« Ae number of 
prow-template nasmatches, reducing d* annealing temper^ 

2^5°^ Jf» reveise ^pSonand 
Wi^moAfied bMes » minimize destabilise of mismatches 

™1_ f?- U of *» «PtnmeRiaI study should serve as guidelines 
" dinical specimens of Wo HTV-1 
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